Great interests have been taken in the relationship of pancreas to iron metabolism since Taylor et al. (1931) showed that the removal of the pancreas was followed by iron deposition in the cat. An unknown factor which inhibits iron absorption has been assumed in exocrine pancreatic secretion so that its absence may lead to increased absorption. Studies on this subject have been done mainly in animals but also with the human. However, the problem has not come to a satisfactory solution. Various diseases of the pancreas were studied in our laboratory from the clinical point of view to evaluate the influence of the exocrine function of the pancreas on iron absorption. The relationships of constant a to quenching level were determined. In measurement of radioactivities in samples which contained both 55Fe and 59Fe, 59Fe activity (dpm) was calculated from cpm on Channel B, and as for 55Fe, cpm on Channel B multiplied by a was subtracted from cpm on Channel A, and then, it was calculated in dpm. Total excretion rate of 59Fe in the collected feces was calculated from the total amount of 59Fe administered, and the same procedure was done on 55Fe.
METHODS AND MATERIALS
All patients were hospitalized; 12 cases of pancreatic calcification, 7 cases of chronic pancreatitis, 3 cases of total pancreatectomy, 3 cases of miscellaneous diseases and 19 cases with history of severe acute pancreatitis were studied. As a comparison, 15 cases of iron deficiency, 16 cases of cirrhosis and one case of liver fibrosis were also studied. Normal values of serum iron, unsaturated iron binding capacity (UIBC), transferrin saturation and hemoglobin were obtained in 44 cases, of which half were males, and for iron absorption 10 males and 8 females were examined. Iron absorption rates measured in patients with marked iron deficiency are exhibited for comparison in Fig. 4 . Increase of iron absorption was noted in about 40% of the cases. Accordingly, iron deficiency was undeniable in Case 9 with normal iron absorption and low transferrin saturation.
RESULTS
Among the exocrine function of the pancreas, relationships between the bicarbonate output and iron metabolism were selected for our study (Fig. 5) . There was no close correlation between the increase of iron absorption and decrease Alternative administration of iron was done for consecutive 4 days as follows: 55Fe on the first day, 59Fe with 10 g pancreatin on the second day, 55 Fe on the third day and 59Fe with 10 g pancreatin on the fourth day of the experi ment, and the rates of excretion of 59Fe and 55Fe in fecal specimen were determined. In normal controls, iron was administered in the same way, i.e., 55Fe on the first and third days, and 59Fe on the second and fourth days of the experiment in Case No. 29, and 59Fe on the first and third days, and 55Fe on the second and fourth days of the experiment in Case No. 30.
Along with intravenous administration of secretin, iron solution was admin istered to Cases 24 and 25 which showed normal hematological findings. Secretin test was examined in Case 24 and no abnormalities were found in volume of 2.6 ml/kg, maximal HCO-3 concentration of 94 mEq/liter and amylase output of 2468 U/kg. But increase in the rate of iron excretion was not observed (Fig. 10) . Fig. 11 demonstrates the iron absorption rates and hematological data in cirrhosis of liver. It is not clear how alcohol intake influences iron absorption. Increase in iron absorption regardless of iron deficiency and rise of transferrin saturation were noted, indicating the participation of the liver. In Table 3 , the results of the secretin test in liver diseases are presented with addition of Case 13 as a comparison. However, the grades of disturbances were judged as mild, and no correlation among these disturbances, iron absorption and iron deposition in the liver was found. 
DISCUSSION
There have been a large number of investigations on the role of exocrine secretion of pancreas in iron absorption.
Taylor et al. (1931) described a siderosis of the liver in a cat which had lived for 224 days following total pan createctomy. Kinney et al. (1950) reported the summary of the ligation of pancreatic duct in dogs followed by iron deposition in the liver, and a few years later Kinney et al. (1955) reported that animals with D, L-ethionine-induced pancreatic damage absorbed more iron than control animals. Badenoch (1961, 1962 ) noted increased iron absorption in chronic pancreatitis and pancreatic calcification, and commented on the correlation of pancreatic secretion with iron absorption. The inhibited uptake of iron from an isolated perfused loop of rat jejunum by the addition of pancreatic extract was demonstrated by Davis and Biggs (1965) . Deller (1965) stated that increased iron absorption was frequently present in alcoholic cirrhosis, hemochromatosis and pancreatitis, and that the addi Murray and Stein (1966) asked themselves five questions in their paper written under the title of "Does the pancreas influence iron absorption ?", and criticized firstly the method for the accurate determination of iron absorption. Significant error is possible in the fecal excretion method if this method is carelessly applied. However, we were able to receive the patients' co-operation in collecting their feces exactly, since we explained them the importance of the examination repeatedly. The measurement procedures were done with care as previously mentioned. Individual difference function in liver diseases and pancreatitis •oe, cases with iron deficiency; ƒÍ, cases without iron deficiency.
(Pirzio-Biroli et al. 1958; Smith and Pannacciulli 1958; Brise and Hallberg 1962) in iron absorption rate and diurnal variation (Brise and Hallberg 1962) of iron ab sorption in the same person are well known. Accordingly, the comparison of absorp tion rates is complicated even on the same person and still more among different individuals, since it takes more than ten days for a single examination. We followed the alternative administration method to average the diurnal variations and to observe the influences of pancreatin and secretin on iron absorption. However, it was difficult to recognize significant differences in the iron absorption rate . Regard ing the lesser effects of pancreatic extracts and pancreatic stimulation on iron absorp tion, Kavin et al. (1967) reported its unpredictable effect in chronic pancreatitis and immeasurable effect with conventional doses of pancreozymin and secretin in dogs. Murry and Stein (1967b) were also unable to depress the increased 59Fe absorption by pancreatic extract in rats with fatty liver induced by cholin deficiency . Though very large doses of pancreozymin inhibited the iron absorption of rats in the study of Kavin et al. (1967) , they commented that this may have been the result of some other metabolic effect of the hormone. There was no definite correlation between the iron absorption rate and the total bicarbonate secretion tested by secretin stimulation in our clinical study , and Case 13 is a good example that proves dis turbance of exocrine pancreatic function per se rarely relates to the enhanced absorption of iron directly. Iron deficiency and ingestion of alcoholic beverages may be important factors in the increased iron absorption in patients with chronic pan creatic diseases, and iron deficiency in our cases may be due to nutritional restric tion since no other causes leading to it were found . In the previous reports, Balcerzack et al. (1967) found increased iron absorption in 2 of 11 cases of chronic pancreatitis and these were attributed to iron deficiency and liver damage similar to ours. Finally, the above-mentioned studies are reviewed. There are no data on exocrine pancreatic function in the study of Badenoch (1961, 1962) , and the correlation of iron absorption with it is obscure. The D, L-ethionine-produced liver damage as well as pancreatic damage in the study of Kinney et al. (1955) are ex tremely important for this purpose. On the inhibited uptake of iron from the isolated jejunal loop examined by Davis and Biggs (1965) , Kavin et al. (1967) observed no significant reduction of iron crossing the mucosa following the infusion of iron with addition of pancreatic extract to the isolated jejunal loop, and requirement of as large as l g pancreatic extract per kg body weight to inhibit the iron absorp tion arouse a question on its specific action. The effect of pancreatin in Deller's study (1965) was variable. Increased and insignificant changes in iron absorption with pancreatin were found together with decreased absorption. Furthermore, he stated that liver disease per se or factors associated with the development of cirrhosis may be of equal importance in the excessive absorption of iron. Although alcohol induces gastric hypersecretion (Woodward et al. 1957 ), increased iron absorption in cases of heavy drinkers will not relate to it directly, since iron solutions were not administered to them with alcoholic beverages. Therefore, some alterations in the liver resulting from alcohol intake for a long time may contribute to enhanced iron absorption. In the selection of liver cirrhosis out of chronic liver diseases for an approach to this problem, several factors (Bradlow et al. 1961; Williams et al. 1962; Olatunbosun et al. 1970 ), except iron deficiency on this occasion, can be and have been speculated as the causes of increased iron absorption and concomitant iron deposition in liver cirrhosis, and disturbed exocrine pancreatic function has appeared among them. Some degree of exocrine pancreatic disturbance is common in cirrhosis of liver. Although Van Goidsenhoven et al. (1963) found abnormal exocrine pancreatic function in 44% of 25 patients with cirrhosis, we estimate the grades of disturbance to be mild in our study and in their's, too. In conclusion, the mechanism leading to increased iron absorption in liver disease still remains uncertain. In our opinion, exocrine pancreatic function does not play a role in this mechanism.
